The development of tobacco control policies varies across Europe. This paper assesses how variation in policy implementation between countries over time can be decomposed into specific components.
INTRODUCTION
Several decades after the emergence of strong scientific evidence on the harmful effects of smoking on health, comprehensive tobacco control policies were implemented in Europe. 1 During the 1990s, when the harmfulness of second hand smoke also became publicly known, there was acceleration in the development of tobacco control policies. 2, 3 However, there were great variations between countries regarding which policies were implemented and when they were implemented. 4 The 2000s saw the introduction of laws requiring smoke-free public places, advertising bans, larger health warning labels and increased tobacco taxes. 4, 5 These have been implemented in most countries, but with a large degree of variance. This variance is also observed for public information campaigns, and for provision or reimbursement of services to help addicted smokers to quit. More recent developments include standardized packaging, 6 banning displays of tobacco at point of sale, 7 international cooperation to tackle illicit trade, 8 and regulating electronic cigarettes. 9 The process of tobacco control policy development in Europe has been accelerated by the World Health Organisation (WHO) through the Framework Convention on Tobacco Control (FCTC) and by the European Union (EU). 1, 10 The EU has introduced directives concerning labelling of tobacco products and taxation. 11, 12 However, implementing EU directives is a complex process, because of disagreement between member states, tobacco industry interference, and the limits of the EU treaty provisions (protection of the EU's inner market rather than protection of its populations' health). 10 As a result, some policy areas are only covered by non-binding resolutions, which countries are free to follow or ignore.
One way to compare countries' performance on tobacco control policies is through the Tobacco Control Scale (TCS), which was developed in 2005. 4 The TCS has mostly been used to chart overall progress in national-level tobacco control, and to compare countries in terms of the ranking in the overall score. Yet, a more detailed assessment of developments could identify patterns in implementation of these policies, e.g. which policies developed together. Such an assessment could help to inform agenda-setting, by highlighting the policy components for which development is lagging, and the countries or regions most affected by such delays. Therefore, in this paper, we aim to assess variations in the progress of tobacco control policy development in Europe over the past decade. More specifically, we aim to identify whether the variations, both between countries and over time, can be decomposed into specific patterns or components. Such components would indicate which types of policies tend to 'go together' and which policies follow distinct paths.
METHODS

Data
The TCS scores national-level performance on several key tobacco control measures, scaled to their relative importance, judged by scientific evidence and experts' opinions. More details on the methodology can be found in the original publication. 13 The TCS contains measures on 6 types of tobacco control: taxes, smoke-free laws, public information, advertising bans, health warning labels, and cessation support. A number of follow-up reports have been published, 5, 14, 15 with an updated score allocation to include newer types of measures, like bans on advertising and display of tobacco products at point of sale.
We used data for all individual measures from the original TCS publication and subsequent reports, covering all 27 EU member states for 2005, 2007, 2010 and 2013. 4, 5, 14, 15 The original TCS scoring has changed over the years, e.g., a ban on advertising on television scored 3 points in 2005 and 2 points in 2011. To ensure comparability over time, we have recalculated all TCS scores, using the scoring system from 2013. In this way, we could also include the newer measures that were not covered in the original TCS for early years. The resulting scores covered 27 countries in 4 periods, yielding a total of 108 data points per score.
We initially set out to include all 28 measures that were included in the 2013 TCS, as listed in Table 1 . However, 5 measures had to be excluded because of a lack of variance, with over 95% of data points having the same value: smoking bans in educational, health, government and cultural places, bans on advertising on television and radio, bans on advertising on internet, standardized cigarette packaging, and plain packaging of tobacco products. Furthermore, the measure on tobacco control spending could not be included, as comparable data were not available for all years (in the early TCS versions, spending on public information campaigns was used). Likewise, we could not include the specific measures of 2 cessation support treatment as these had changed over time. Therefore we included only a summed measure for cessation support treatment as a whole. Finally, 6 measures with conceptual similarity and limited variance over time and place were combined into pairs: bans on indirect advertising was combined with the bans on sponsorship, bans on display of tobacco products at point of sale was combined with bans on advertising at point of sale, and size of health warning labels was combined with pictorial health warnings. This resulted in 11 measures to be included in the final analyses; these are highlighted in bold in Table 1 . 
Statistical analysis
We performed a principal components analysis (PCA) on the 11 included variables. PCA is a statistical technique to convert a series of variables into a smaller number of independent latent variables. 16 In our study, PCA was used to distil groups of measures that correlate across countries and over time. These groups are called components hereafter. PCA computes standardized scores for each component, making the scores for different components directly comparable.
We compared results for several PCA analyses, with a different number of components and with or without oblique rotation (oblimin). The scree plot, displaying eigenvalues per component, suggested that having more than 4 components would add very little to the fit of the model; therefore we compared models with 2, 3, and 4 components. The eigenvalues were highest for the model with 3 components. To maximize the variance between components we employed oblique rotation for this 3-component model. The corresponding 4-component model was largely the same as our final model, except that smoke-free laws and health warning labels were separated from other measures. All analyses were performed with the statistical package R, version 2.13.1.
To make a geographic representation of the results, we have grouped the countryspecific component scores per region in Table 2 , and we have shown the average score per region per year in Figure 2 . The regions we defined were: Baltic Countries, British Isles, Eastern Europe, Scandinavia, South-western Europe, Southern Europe, South-eastern Europe and Western Europe.
RESULTS
After comparing the different models, as described in the methods section, we settled on a model with 3 components (Table 2 ). The scores reflect how each separate variable loads on a given component. We have shown only loadings of 0.3 and above; 1 is the maximum and loadings above 0.5 can be regarded as high. Component 1 measures common variance in taxes on tobacco products and smoking cessation support. Component 2 measures common variance on bans on tobacco advertising outdoors, in print media in cinemas. Component 3 measures common variance on several other policy measures: bans on smoking in workplaces, cafes, restaurants, and public transport; bans on indirect advertising and tobacco sponsorship; bans on advertising and display of tobacco products at point of sale; and the size of health warning labels on cigarette packaging and the use of pictorial warnings. The timing of these increases varied markedly; some countries 'made the jump' early on, and some only in later years.
The scores per country and per year, relative to the overall mean score, are given in Table 3 . A score of 1.00 indicates a component score of 1 standard deviation (sd) above the mean. For component 1, Ireland and the UK consistently had the highest scores. The only countries whose scores increased by more than 1 between 2005 and 2013 were Latvia, Portugal, Romania and Spain, while those for Cyprus and Germany decreased by more than 1. Component 2 was characterized by a strong similarity in scores between most countries, with little change over time. 
DISCUSSION
We found that tobacco control policy development in Europe was far from uniform, but not altogether random; instead, the progress could be clustered in 3 components. First, the introduction of tobacco taxes and cessation support services was the most diverse between countries and, apart from some improvements and setbacks, relatively stable over time. Second, bans on advertising outdoors, in print media, and in cinemas were fully developed and stable in most countries, with some catching up and 2 laggards remaining. Third, most progress over time was observed in smokefree laws, health warning labels, bans on indirect advertising and sponsorship, and bans on advertising and display of tobacco products at point of sale. Virtually all countries experienced upward developments, but with a large degree of variance in the timing of progress.
Limitations
There are some limitations inherent in the use of the TCS, e.g. the fact that these measures represent implemented policies, but sometimes fail to express the degree to which these policies are complied with and/or enforced in practice. In addition, there are some policy areas that could not be readily quantified, such as public information campaigns and efforts to combat illicit trade and smuggling. Therefore, though our results could be interpreted as representing major trends in tobacco control policy, they do not cover all relevant domains.
Another limitation of our analyses is that we were not able to include each separate measure of the TCS in its own right. Due to data constraints or limited variance in some policies we had to exclude or merge a number of policy measures. This is likely to have influenced the components identified in the analysis, as a more detailed measurement of tobacco control may have shown more and/or other components.
Interpretation of results
Component 1, characterized by joint variance in taxes on tobacco products and smoking cessation support, can be seen as representing more gradually introduced, and less politicized elements of tobacco control policy, at least in Europe. They do not require changes in national tobacco laws, do not need formal voting in parliament, and are not subject to lengthy and intensive political battles between proand anti-tobacco advocates. Tobacco taxes are generally introduced with the main aim being to provide a reliable source of revue for governments, rather than improving population health. 17 Cessation services are provided with the specific aim to aid addicted smokers wishing to quit, 18 which is unlikely to receive much opposition, both politically and in the wider population. Nevertheless they remain undeveloped in most countries, possibly due to the investment required to implement and maintain them. Public information campaigns, which we were unable to include in our analyses, might fit in this component, as they serve to increase the use of cessation services, 19 and are sometimes funded by gains from tobacco taxes. 20 Ireland and the UK have consistently led the rankings of the TCS since 2005, 15 mainly because of their high scores on the measures contained in component 1.
Other studies have previously shown that the provision of cessation services differs greatly between countries. 21 The UK services have been considered "best practice" for other countries, in part because of their high reach among disadvantaged smokers. 22 These kinds of services do require a significant investment from the government (the estimated cost per 52-week quitter are £7,800), but they are shown to be highly cost-effective. 23 In view of this, the large variations between counties in investment in cessation services may reflect variations in the political will to invest in tobacco control.
Component 2 (bans on tobacco advertising outdoors, in print media, and in cinemas) represents regulations which were implemented in most West-European countries in the 1970s and 1980s. 24 This component might also represent other 'old' measures such as the ban on advertising on television and radio, and the ban on smoking in educational, health, government and public places, but as these measures have been implemented in all countries already they could not be included in the analyses. The measures in component 2 often started as self-regulation measures initiated by the tobacco industry, 25 after which implementation was accelerated by various European directives which called for harmonisation. 26, 27 Due to these directives, countries are now legally bound to minimum regulations. Yet, 2 countries still score poorly on these measures, i.e. Germany and Greece. The German government has consistently opposed EU advertising legislation, stating this type of legislation is a national issue and argued that an EU ban would be unconstitutional. 28 In addition, Germany has stated the economic importance of advertising, reflecting the strong voice of the tobacco industry in this country. 28 The situation in Greece seems to result from both a strong emphasis on personal freedom and negligence to enforce existing policies. 29 Component 3 is most diverse as it includes smoke-free laws, bans on advertising and display of tobacco products at point of sale, bans on indirect advertising and sponsorship, and (pictorial) health warning labels. These are all relatively new policies, as they came into force in the 21st century. 4, 5, 14, 15 This component is likely to include some of the more recent policies that could not be included in our analysis, such as banning advertising on internet, and standardized or plain packaging of tobacco. The characterising feature is that (during the study period) they were not subject to EU regulation (or exempted, in the case of indirect advertising and promotion), so that countries are free to decide on level of implementation. We found that European countries vary especially in the timing of the implementation of the policies. Some countries, such as Ireland, implemented these policies early in the 2000s, while others did so only recently, or have not yet (fully) done so. Regarding health warnings, countries that were lagging, might have been spurred on by the first EU Tobacco Products Directive in 2001, which set minimum requirements for health warning labels that countries had to comply with when entering the European Union. 30 This accelerating effect was somewhat stronger in the countries which joined the EU in 2005 and 2007, as joining the EU required countries to enact existing EU legislation.
As long as the measures in component 3 were not covered by EU regulations, their development was dependent on the political factors within each individual member state. 3 Policies like smoke-free laws have received considerable opposition, mainly from the tobacco industry. 31, 32 Because of political will and the resilience needed to withstand the opposition from the tobacco industry, the national policy environment was of vital importance for the policies in component 3. The policy environment can be broken down in 5 conditions that a government needs to meet to enable successful implementation of the FCTC: 1) the health department takes the lead, 2) tobacco is framed as a public health problem and not an economic benefit, 3) the government has strong support from a network of public health organisations, tobacco control experts and scientists, while the tobacco industry is not consulted, 4) social conditions must be conducive, such as relative low smoking rates and generous public support for further measures, and 5) the scientific evidence regarding smoking is fully accepted by policymakers. 33 During the study period, most European countries did not meet many of these conditions, but some, e.g. the UK and Ireland, did meet most of them. Perhaps unsurprisingly, the latter countries scored best on component 3 measures. For other countries, achieving significant progress in these measures may strongly depend on enhancing the 5 conditions mentioned above.
As the TCS point allocation is based on expert opinions about the potential effectiveness of policies, 4 the TCS points can be used to estimate the relative importance of the 3 components to tobacco control. In these terms, components 1 and 3 are about equally important, as they contain measures that together score 40 and 31 TCS points, respectively. Clearly of less importance is component 2, with only 4.5 TCS points. The results indicate that the lack of consistent improvement on component 1, as we observed across European countries, implies a main 'lost opportunity' in the fight against tobacco between 2005 and 2013. Even though more consistent progress is observed for component 3, there is ample room for further enhancing their potential impact on tobacco, as many countries still fall short of the leading countries.
Implications for tobacco regulation
Most European countries have made substantial progress in tobacco control policy over the past decade. However, our analyses show that policy development was not a uniform process but was made up of different components. The most effective tobacco control measures (taxation and cessation services) have not seen much progress, but have remained consistently strong in some countries, and underdeveloped in many others. One cluster of policies (smoke-free laws, advertising bans and health warning labels) contributed most to the observed progress, in part thanks to new EU legislation. Yet, also for this cluster, still many countries fall short of what is considered best policy practice. These results illustrate that progress in tobacco control across several countries can be monitored against a limited number of policy areas. To individual countries, such monitoring can identify the policy areas where they are currently lagging and a strengthening of efforts is needed.
